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AN .EMPTRICATL CRITERION FOR FIﬁ STABILIZTNG
JETTISONABLE NOSE SECTIONS OF ATRPLANES

By Stanley H. Scher
SUMMARY

Investigations in the Langley 20—Foot free—splmning tunnel of models
of five Jettlsonable nose sections have shown that alrplane nose sections
are inherently unstable but can be stabilized by the addltion of sultable
fins. An empirical criterion has been developed which indicates the
fin area required for stabilizing an airplane Jettisonable nose
section.

INTRODUCTION

A proposed method of providing for emergency pilot escape from high—
speed airplanes consiste of jJjettlsoning the nose sectlon of the fuselage
cleaxr of the remainder of the airplene, with the break—off station Just
rearward of the pllot’s statlon; the plilot leaves the nose section after
it has decelerated to a safe speed. Recently, the low—speed behaviors of
five models of possible Jettisonable nose conflgurations for single—seat
transonic airplanes have been investigated in the Langley 20—Foot free—
gpimning tunnel, and it has been noted that each model descended in the
vertically rising air stream with some type of rotary motion (refer—
ence 1 and unpublished data). More recent results (data unpublished)
have indiceted that the rotary motion of a jettisoned unstable nose at
high speeds may not necessarily be similaer to that Indicated at low
speed, but that even if the nose does not rotate it will tend to trim
away from a nose—first flight attitude which may cause decelerations
dangerous to the pilot. Analysis indicates that if a nose jJettisoned at
transonic speede could be made to continue flyling in a nose—first
ettitude, the deceleration would not be excessive end, in addition, the
deceleration would act on the pilot's body in the direction (transverse)
in which human tolerance to acceleration ls highest.
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In the present Anvestigation, the testing technlique end test resgults
-- for the fiye models at low speed are briefly reviewed, and en empirical
criterion based on considersatlon of these results has been prepared which
relates the effects of fin design and of center—of—gravity location on
the stability of alrplane Jetbiscnable nosé sections. Curved fine
{similating fins which would mormally be folded filush with the fuselage
and extended during an emergency requiring jettisoning of the nose) were
used in some of the tests. Recent NACA work on some of -the high—speed
sepects of fin stebilization of e Jettisonable nose ls also discussed.
The problem of providing for clean separatlon between nose and alrplane
is beyond the scope of the present paper.

SYMBOLS

I, T,z longitudinal, istersal, and normal axes, respectively, through
center of gravity of nose ]

¥y, ¥y, k; radli of gyration of nose about X—, ¥—, and Z-exes,
regpectively, inches

n fineness ratlo of nose s ©xcluding canopy or other I;rotuberance
(for ecircular c¢ross sectlon, Length/Diemeter; for non—
circular cross section, Length/Maximum crose dimension)

L ' length of nose section,” feet (A1l center—of—gravity locations
are expressed as a percentage of thls length from the
front emd of the nose section.)}

By smgllest projected fin area 1n any plane parallel to longl—
tudinal axis
Sp projected area of nose {excluding protuberances) in plane of

smallest projlected fin grea

T projected distence between centrold of Sy and center of
gravity of nose

s _ .
-g}—% fin—stabilization factor {fig. 1)

& sngle of attack of nose X—exis , degrees

Cm pitching-moment cooffliclent es determined graphically
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Comg, rate of change of pifching~momsnt coefficient with angle of
. { df
atfack in degrees (5;?9
%ﬁ- rate of change of nose cross—sectional ares with nose length
6 angle between tengent to nose surface in plane of symmetry
and nose XFaxis, degrees .
x distance fram front of nose to any station, feet
a distence from front -of nose to cembter of gravity, feet
AF normal force per unlt length
aq dynemic pressure; pounds per squareé Foot <%ﬁVé>
p denslty of air, slugs per cubid foot
v ailrspeed, feet per second
_ CLQ rate of change of 11ft coefficient with angle of étﬁack in

(=
degregs Ta

area of one nose fin

MODELS AND METHODS

1 1 :
The models tested represented — — to — —scale models of possible

10 23

and ballasted with lead weights to simulate relative mass arrangements of
the possible nose configurations at an altltude of 15,000 feet. The
models had circular or near—circular cross sectlions and some had canopy
portions or other protuberances. Sketches and mass characteristics of
the models are presented in table I.

During the tests, each model was held in the air stream of the

Langley 20—foot free—spinning tunnel et various angles of attack from 0°
to 180° and then released; the model was alio launched with rotation
applied about each of its three axes with the axes held alternately

CONFIDENTTAT,

They were made of balss and hardwood
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‘parallel with and perpendicular to the alr stresm. The behavior of the
model in the alr stream-was observed after each launching, after which
the alr-stream veloclty was lowered and the model caught in a safety

net and retrleved for the next launching. A photograph showlng the _
test section of the free—spinning tummel with an alrplene model spinning
in the tunnel 1s shown in figure 2.

Various combinations of fin instellatlions and center—of—gravity
locations were investigated to determlne arrangements which would make
each model descend In & stable nose—down manner. It is recognlzed that
the use of fins on an glrplane Jettlsonable nose smection wlll requlre
‘that the alrplane either be constructed so that satisfactory flight
characteristics can be obtained with the fins lnstalled or that the fins
be Initially retracted and be extended lmmedistely as the nose separates
from the rest of the airplane. The type of fin arrangement found during
the tests to be most effective In stabllizling the models, and hence used
in the present study, consisied of four or three fins placed on the side
of the nose section, generally at 90° or 120° intervals, respectively,
around the perlphery of-the nose section at the break—off statlon.
Sketches of the. various types of fin arrangements tested are shown in
flgure 3. Arrangements & and e In figure 3 1llustrate methods of
mounting fina on & protuberance. Arrangements g, h, and 1 .in
figure 3 simulate curved retractable fins. A fairly wlde range of fin
aspect ratios, 0.4 to 2.0 (based on the spen.and area of each fin), was
covered during the tests. For all the tests in which curved fins were
Ingtalled on the models, four fins were used with two beling curved Iin -
each direction in order to avoid unbalanced rolling moments such as
might occur if the number of fins curved in each direction were not
equal. In order to obtaln a direct comperison of the.relstive
gtebilizing effectiveness of curved and flat fins, scme of the tests
with curved fins were made with the fins installed at 90° intervals on
the nose periphery (aerrangement g in fig. 3) in such a menner that they
had the same profile shape and projected area in a radial plane as a
corresponding flat—fin arrangement (arrangement ¢ in fig. 3)}. The span
of all the curved fins tested was small enough so that they would not
overlap when retracted agalnst the fuselage.

A factor indicating the relative effectiveness of a given fin design

wag determlned for each condition tested. This factor, hereinafter
Sylp
called the fin—stabllization factor <_E;35 » was determined by the method
P

11lustrated in figure 1 and is the ratio of the smallest projected fin
area in any plane parallel to the longitudinal exis multiplied by the
proJected dlstance between the centroid of this area and the model
center of gravity to the proJected area of. the model (excluding
protuberances) in the plane of smallest projected fin area multiplied
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by the length of the model. For the fin arrangements in which four
flat fins were installed on the nose—section periphery at 90° intervals
and for the curved—in arrangement In which the fins had the sams
locatlon, profile shape, and proJected area in a radlal plane as

the flat—fin arrangement, the plane of the smallest projected fin area
was a plane which made a 45° angle with a plane through elther pair of
opposite fins. (See filg. 1.) For the remaining flat— and curved—fin
arrangements, the plane of the smallest projected fin ares was
determined graphlcally for each condition tested. When a fin was
mounted on a protuberance (arrangements d end e in fig. 3), it was
arbltrarily consldered to have the same projected area forward of the
break—off station as did. the fins at the other periphery intervals.

The fin-stabilization factor was plotted against the center—of—gravity
locatlon for each conditlon tested, with different symbols being used to
indicate whether or not the model descended 1n a stable nose—down
attitude.

BESUIES AND DISCUSSION

A brief résumé of the resultes of Langley 20—foqt free—splmning—
tunnel tests of models simulating possible alrplane Jettlsonable nose
sections without stabilizing fins 1s- Included in table I. As shown in
the table, some of the models descended with tumbling motions about thelr
lateral or normal axls; whereas others trimmed at a high angle of attack
and rolled about their longlitudinal aexis. The latter condltion was
obtained only with those models whlch had a canopy portion or other
protuberance. The protuberances apparently excited a rolling moment
which developed into an equilibrium rotation. When a suitable
arrangement of stabllizing fins and center—of—gravity locatlion was used,
the models descended in a stable nose—down attitude without rolling.

The results indicated that curved and flat fins having projected areas
of the same magnitude and direction were equally effectlve in stebilizing
a nose section. : . .

The plot of fin—stabilization factor agalnst the center—
of—gravity location was. examined and 1t was seen that for all the
results except those for model: -2, a boundery could be drawn which fairly
well separated the regions for which stable nose—down descent was and was
not obtalined. It was noted that all the other models differed fraom
model 2 primsrily in that thelr fuselages extended forward almost to a
point at thelr front end; For model 2, then, the fin-stabilization
factors and center—of—gravity locations were recalculated by using an
assumed altered body. shepe in which the model's profile lines extended
forward until they too lntersected at a point. The recalculated fin—
stabllization factors were plotted and the conditlions for stable
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and. imsteble descent for model 2 then fell in the same -regions obtalned
by drawing the boundary line for the other four models. The plot
and boundary line are presented in flgure 4.

As can be seen in figure U4, the results of the study indicate that
it 1s difficult Ho achleve nose—down stabllity of an lnherently unstable
nose sectlon by merely moving the center of gravity forward; the results
algo 1ndicate that if the center of gravity 1s too far rearward even
very large fins mlght not meke a nose section stable.

In addition to the fin-stabllization factor and the center—of—
gravity location, 1t 1s expected that other factors, such as mass
dilstribution, fineness ratio, and body lines, may affect the boundery in
figure U4 somewhat but-are apparently of only secondary importance. The
fin-stabilization factor is proportionsal. to the etatlic longitudinal
stability factor Cp,, except for amission of the CLOL term which

normally 1s greatly influenced by aspect ratio. The present empirical
results, however, did not indicate en appreciable effect on the boundary
of varled fin aspect ratlio withln the renge investigated. From these
results, it appears that the boundary mey be used as &n empirical
criterion to Indicate the fin area required to stabllize an airplane
Jettisonable nose sectlon having a pointed front, and from the’ inter—
pretation of results obtained with model 2, it appears that the boundary
may also be used to obtaln an indication of the fin aree required for
stabllizing a nose sectlon with other than a pointed front.

Another possible method of approach to the problem of selecting
sultable stabllizing fins for a apecific nose design might consist of
calculating the instabllity of the nose section and the stabilizing
effect of the fins. In such a method, it willl probably be necessary to
consider both static— and dynamic—etabllity parameters or use some
emplrical correction to allow for the dynamic—stabllity effects. In
order to illusirate a possible approach, brief shbatic—stabllity
calculations have béen made for model 1 of the present investigation,
wilth and without a set of four itrianguler stebilizing fins of
arrangement & Installed. The span of the fins considered was 27 percent
of the nose length and the aspect ratio was 2.

The instability of the nose section wlthout fins was calculated by
the equation

C =

g, g%—(cosee)(a,— x)dx

2
5T
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whére Cma was determined graphicelly. This equetion 1s similar to one

developed and applied to a Jettisonable nose sectlon in reference 2
based on the relationshlp from reference 3

AF = q_géfcosee alin 2a
dx

where AF can be taken as a measure of the transverse or normal force
per unit of length for a symmetrical alrship hull.

The stabilizing effectiveness of the fln system was calculated by
the following general equatien: '

~

-£C 26. Ty T 2 ¢ FtIT
Cm"‘_fins T T lapyng 7 TEL T Laging °° SpL

where & 1ie the angle botween the plane of sny two of the fina and the
axls about which Cma is calculated and ¢ is the angle between the

plane of the other two fins and this axis. The angle 6 plus @
equals 90°. Therefore,

FI‘I‘

C -0
Moeins  Yoing SPL

(c0529 + coa2g)

and since

=90 —¢

cos § = sin @



then

Also, since

then

S NACA RM L9I28

s
F. LT

C =-—ECL" (00529 +_sin26)
- Maesng %ring Spl

cos28 4 sin% =1

© —20 FyT
mafins B Fafins SpL

In terms of the parameter Sy which was used in the empirical criterion
of the present investlgation, since Sy 1s equal to ESFt_cos 459, +the

stablllzing effectiveness of the fins could have been calculated by

fins Sfins 2 cos 450 8L
Sylq
= _CL ———————————
Ofins cos 450 SpL
The values used for cLaf were obtalned from reference 4 which
ins

presents the variation.of CL@ wilth aspect ratloc for low—espect-ratlo

wings. Based on Information In reference 5, the aspect ratlio of each
fin wes assumed to be effectlvely 1.5 times its geomeitric aspect ratilo
in order to allow for Increased fin 1ift effectlveness caused by end—
plate effects of the nose. The calculated stabllizing contribution of
the flins was added to the calculated instabllity of the nose to obtaln

the resultant C

ng, for the flnned nose.
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The calculated Qma values for the nose wlth and without fins for

two center—of—gravity locations are plotted in figure 5. On the figure
the finned nose is indicated as belng statically stable for both center—
of—gravity locations Investlgated. The empirical results obtalned wilth
model 1, however, 1ndlcated that only for the more forwerd center—of—
gravity location did the fimmed nose dasmp applied rotation end descend
in a stable nose~down attitude. It thus appears that dynamic stabllity
must be given consideration elther through calculations or through
empirical corrections. For comparlson with the calculated values,
measured values of C obtained from force and moment tests of a large

Ty,
modsl similar to model 1 wilth and without filne are also plotted .in

figure 5. As can be seen, the calculated and measured velues of Cmor,

for the nose without fins were in fairly close asgreement. Values of Cp

measured for the nose sectlon with the fins instelled indicate that
adding the.fins had a greater stabilizing effectiveness than was
indicated by the calculations, probably because interference effects of
the fins on the flow over the nose sectlon caused an additional increase
in the stebillzlng effectliveness of the flnsa.

The aforementioned work has been done on the basis of free—spinning—
tunnel tests at alrspeeds up to 60 miles per hour which, based on a scale
renge of about 1/10 to 1/23 for the various dynemic models tested,
correspond. to full-—scale airspeeds up toc 300 mlles per hour. However,
it 1s interesting to note that preliminsry analysis of recent NACA
higher—speed investigations has also Indlcated that fins were sffectlve
in stabilizing nose sections. In one instance (results unpublished), a
smaller model of one of the free—spinning—tunnel nose sections was
released wilth and without stabllizing fins in an atmospheric horizontal
wind tunnel at sea—level alrspeeds up to 150 miles per hour, simulating
full-scale airspeeds up to 750 miles per hour (when campressibility
effects were neglected). When stabilized wlth fins, the model descended
to the floor of the tunnel 1n stable nose—forward flight; whereas
without fine i1t turned awsy from a nose-Ffirst flight attitude. In
another instence (results unpublished), duplicates of two of the free—
spinning—tunnel models were fired wlth and without stebllizing fins at a
Mach number of 1.2 (actual model speed) in a Langley free—flight
apparatus, and the results obtalned were similar to those obtained
during the atmospheric horizontal wind—tunnel tests. In another
investigation (reference 6), the Langley Pllotless Alrcraft Research
Divieion stabllized a large model of one of the free—spinning—tunnel
noge sections with fins selected on the basis of the free—splmming—
tumnel investigation and forcibly Jettlsoned the nose from an afterbody
of a test rocket in flight at a Mach mumber of about 0.87. The nose
traveled stably after leaving the afterbody.
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Although, as previously mentioned, a pllot Jettisoned at transonic
speeds in a stabllized nose would not be subJected to excessive
acceleratlons, at~high supersonic speeds 1t is conceivable thet even a-
stabllized nose may require the use of a controlled auxilisry propulsive
force to allow a gradual decrease 1n airspeed and thus prevent
deceleratlions high enocugh to endanger the pllot.

CONCLUDING REMARKS

An empirical criterlon based on Investigations of five Jettlsonable
noge configuraticns in the Langley 20-foot free—spimning tunnel has
been developed which Indicates the fin aree required for stabllizing an
elrplane Jottisonasble nose sectlon.

Langley Aeronautlcal Laboratory
National Advisory Committee for Aeronauticas
Langley Air Force Base, Va.
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RESME OF TESTS IN THE LANGLEY 20-FOOT FREEZ-SPINATHG
TUNNEL, (F MODETS SIMILATTNG ATRTLANE JETTISOHARLE
HOSE SECTIONS WITHOUT STARILIZING FINS

Model

8ketch

Mage characterigtice

Wedght
(13)

Ceptor—of—gravity lecation
(percent L)

/L

i

Behavior of model

1.90

o.704

69.2

0.141

0.256

0.256

Tumbled end cver end ebout l=beral
or normal ayrls with axis in en
approrimately harizontal attitude

1.90

0.623

210

0.179

0.321

0.321

Tumbled end over end sbouwt lsheral
or normal axie with axis in an
appreximately horizontel attiltods

2.79

€7.0

0.1

0.316

0.305

Rolled sbouot longltudinal axdes with

axis in an apmmjma:be]: horl—
rontal n'Fti'lrud.e

Tymbled about normel axis with axis
in an approximately harizomtal
attitude

3.80

0.300

55.0

Rotated ar cacillated about veriocus
nmofel exes in inconglgtent menner

5.85

LA AGA

0.354

71.2

0.33%

0.33%

Rolled about longliudinel arls with
noge approximetely 35° wp from
horizontal) at seme time, rotated
about wind axds

G

oL

EI6T W VOVN
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| Plane or smallest

| %'oGs'gr Cgpg’gd |  proected fin area
Sp,SIOE Ared Or IMOCE! esm—m.

Sk, SmallesT pryected area of fIfs

Figure 1.~ Tllustration of method of computing fin-stabilization factor SBS";‘IT. -
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Figure 2.- Photograph of the test sectlon of the Langley 20-foot free-
splmning tunnel with an alrplane model splmning In the tumnel.

15



.



NACA RM LoI=28

R
Arrangement a
(trianguiar or

tra é)ezmdcl
TIns)

_'_.é_ET

Arrangement b
(frionquiar or

Trapezoidal
T ns)

.nct shown).

Figure 3.- Sketches 1llustreting varlous fin arrangements tested on the
models in the Langley 20-foot free-spinning tumnel (models tested are

17
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Arrangement d

—
Arrangement e

Figure 3.- Continued .
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Arrangement g

Fin2

Fim i

NGte: fins{ and2 were
| inTerchianged Tor
; s0me of the Tests
Of These Two

Arrangement h

—lﬁ

Finz2

FIr {—

AIrarngement j

— l \ _'

Figure 3.- Concluded.
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O Unstable behavior in descent
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Flgure 4.- Effect of fin-stabilization factor and center-of-gravity
location on behavior of jettisonable nose sections. (Numbers refer
to models listed in table I and letters refer to fin arrangements

shown in fig. 3.) :
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.008
006 O Calculated values
0 Measured values
004
- | -
.002 -+ e ;—:f_,/
g:_:’ Ai Nose without fins
Gma: CD
Plo)
_.002 —
L-%" A
. o/ Lo - - X /'/
-004 \ e
L7 Q— Nose with -?ins
. / <
.
| L~
-006 — 4
008 * | NG
k 60 ez 64 66 68 70

Center-of-gravity locatlon, percent L

Figure 5.- Calculated and measured valles of Cp, for model 1 with and
without sta.'biliziné Pins of arrangement a instslled.
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